The aim of the study was to assess selected methods of storage and preservation of horse faecal samples on the detectability of eggs and survival rate of larvae of strongylid nematodes. Physical and chemical factors were found to have a significant effect on the egg detectability and survival of the larvae. The comparison of control and variously preserved samples revealed that each storage method affected the reliability of the results to some extent. Short-lasting, three-day freezing resulted in a decrease of detectability from 100% to 94.1%, with an equally significant decrease in the mean number of eggs per one gram of faeces, from 1,238.97 to 983.82. Extending the freezing period from 3 to 14 d had a highly significant effect on the prevalence, which was then 85.3%, while the EPG (eggs per gram) value decreased more than twice, compared to control samples, and was 503.68. Thirty-day freezing had no further effect on the parasitological indices, which did not differ significantly from those obtained after a fortnight of freezing. Storing samples in 4% formalin and 40% ethanol had a significantly more negative effect on the detectability of strongylid eggs. The prevalence in alcohol-preserved samples was 91.2% and the EPG was 247.79; the values for formalin-preserved samples were 88.2% and 153.68. The way of preserving faecal samples was also found to affect the viability of strongylid larvae.
In recent years, control of parasite invasions in horses has mainly consisted of regular and routine deworming, often using the same or similar pharmacological veterinary medicinal products (3, 15) . As a result, some helminths -e.g. cyathostomines (Nematoda, Cyathostominae), have become drugresistant, and at present can be no longer controlled using the widespread benzimidazole compounds and pyrantel salts (10) . Moreover, since the breeder is usually unable to tell which animals are infected, all the horses are subjected to deworming irrespective of whether they are parasite-free or infected only to a slight degree (3) .
Taking these facts into consideration, from horse breeders and veterinarians' point of view, parasitological examination appears to be not only justified but also necessary. Post-mortem examination enables to assess the degree of invasion and to identify the parasite species (13) . However, coproscopy is much more practical, quicker and cheaper for a horse breeder; making it possible to ascertain the basic indices of infection in vivo, including the number of parasite eggs per one gram of faeces (EPG). The obtained EPG values not only enable to estimate the degree of helminth infection in the examined animal; they are also useful in identifying and diagnosing horses with suspected parasitoses (1, 5, 19) . Fresh faeces, obtained from the colon or bedding, are an ideal material for such analyses. In practice, however, analysis of fresh faeces is not always possible. Although many studies have dealt with comparisons of various techniques used in assessing the number of eggs in the faeces (6, 4, 21, 22, 28) , there are still very few reports on the methods of proper storage and processing of the samples prior to laboratory analysis. Several methods of faecal sample preservation are used in practice; enabling to analyse the material not only directly after collection. These methods include storage at low temperatures (4°C or -20°C) and preservation in solutions of alcohol (40% -70%) or formalin (4% and 10%). However, such procedures may have a negative effect on the detectability of dispersion forms of parasites in the sample tested. The pertinent literature includes several publications on the effect of various faecal preservation methods on the results of coproscopic examination of various animal taxa, namely wild (7) and domestic ruminants (16) , as well as horses (20, 25) . Except for Foreyt's (7) study, which considers the effect of low temperatures, as well as chemical preservatives on the detectability of helminth eggs, other papers only deal with the effects of different temperatures (room, low, and negative) on the material with respect to eggs (20) or survival rate of larvae (25) . There are no studies that would comprise complex analysis of the effect of physical and chemical factors on the suitability of faecal material for the purposes of parasitological diagnostics. This pertains especially to horses, which, being of practical and economic importance, are of interest to many social groups.
The objective of the paper was to assess the effect of selected methods of preservation of horse faecal samples on the egg detectability and larval viability of strongylid nematodes, and to indicate the simplest and the least biased method, which could be used by horse breeders and veterinarians.
Material and Methods
Stable. Shetland and Welsh ponies from a private stud farm located on the outskirts of Wroclaw (SW Poland) served as the source of the material. The animals were stabled in boxes with deep bedding and used common pastures and enclosures. The basic feed was oats, hay, and pasture grass. The group of the horses was uniform with respect to age structure and sex ratio, and not subjected to any deworming procedures for two last years.
Experiment. Fresh faecal samples of 300 g, originating from 34 horses, were taken directly from the bedding into plastic containers; each sample was then divided into six equal parts. One series, treated as control, was subjected to laboratory examination directly after sampling, in order to determine the number of strongylid eggs in one gram of faeces (EPG). Each of the remaining five series of samples was subjected to processing with different techniques: 3-d, 14-d, and 1-month freezing at -19°C (experiment A), and storage in 4% formalin and 40% alcohol solutions (experiment B) during 2 weeks. In case of formalin and alcohol, faecal samples were immersed into the preservatives without homogenisation. Additionally, larvae from five selected samples of each series were reared till stage L3 (experiment C) on special mineral substrate-vermiculite (produced by weathering or hydrothermal alteration of biotite or phlogopite), which enables to obtain 60%-70% of larval material in the laboratory culture (9) .
Laboratory analysis. Coproscopic analysis for the presence of helminth eggs was done with McMaster's method modified according to Roepstroff and Nansen (24) ; at present it is regarded as one of the most sensitive and reliable techniques (28) . Four-gram portions were mixed with 28 mL of tap water. Following straining through a sieve, 10 mL of the resulting suspension were poured into a tube and centrifuged during 5 min at 1,200 revolutions/min. Then, the supernatant was decanted, and 4 mL of floatation reagent (saturated NaCl, solution specific gravity: 1.3) were added to the sediment. The content of the tube was stirred gently and two chambers of McMaster's plate were filled with it. The plate was left to stand for 5 min, and the eggs in both chambers were counted under the microscope. EPG was calculated by multiplying the sum of eggs from both chambers by 25. In order to obtain strongylid larval stages, 4 g of faeces were mixed with 10 mL of vermiculite and 8 mL of water. This prepared mixture was kept at 24-28°C and proper humidity during 7 d. Then, the larvae were obtained using the classical larvoscopic method of Baermann. Large strongyles and cyathostomines were identified based on their morphology (number and shape of intestinal cells) and biometrics of the third-stage larvae (2) . Besides the mean EPG and maximum and minimum values, the prevalence was also calculated as the ratio of positive samples to the total number of samples.
Statistical analysis. Statistical analysis of the results included the qualitative (presence/absence of helminth infection) and quantitative (EPG values) data. Cochran's Q test was used to reveal differences in the prevalence of helminths in the faecal samples stored under different conditions. Friedman's ANOVA was applied to verify the hypothesis on the effect of storage conditions on the estimated level of infection expressed as EPG. Additionally, the effect of freezing of faeces on the viability and detectability of strongylid larvae was analysed with the same statistical tools. All the statistical analyses were performed with software Statistica 9.1.
Results
Laboratory analysis of 34 samples of the control series showed that the general prevalence of strongylid infection among the horses was 100% and the mean number of eggs per 1 g of faeces (EPG) was 1,238.97. In comparison with the results from the control samples, each of the tested storage methods affected the reliability of the obtained results to a greater or lesser extent.
Experiment A: freezing time vs. EPG. The time of freezing of faecal samples was found to have a significant effect on the results (Q = 9.00; P = 0.029; χ 2 A = 57.308; P<0.001). A 3-d freezing resulted in a decrease in detectability from 100% to 94.1%, and a simultaneous decrease in the number of eggs per 1 g of faeces from 1,238.97 (range: 525-2,325) to 983.82 825) . Extending the freezing period from 3 to 14 d proved to have a highly significant effect on the level of prevalence, which dropped to 85.3%, whereas the EPG value decreased more than two times compared to the control samples and was 503.68 (25-1,575) . Storage of the samples at low temperatures during 30 d had no greater effect on the parasitological indices, which did not differ much from those obtained after a fortnight freezing: the detectability was the same -85.3% and a decrease in EPG was slight -its value dropped to 491.91 (Table 1, Fig. 1A ).
Experiment B: ethanol and formalin vs. EPG. Preservation of the samples in 4% formalin and 40% alcohol solutions had a significantly more negative effect on the detectability of strongylid eggs. Fig. 1B ).
Experiment C: sample preservation vs. development rate of strongylid eggs and viability of larvae. The way of preserving faecal samples was found to affect the viability of strongylid eggs (Table 2 and Fig. 1C, 1D ). Though the data were obtained only from five randomly selected samples of each series, the results seem to be conclusive. 
Discussion
The experiments revealed a significant effect of physical and chemical factors on the detectability and viability of strongylid eggs and larvae. Nematodes are characterised by relatively short life cycles. Their eggs are expelled with faeces, and at an adequate temperature (18-25°C) and humidity, invasive larvae develop in the pasture within a few days (8) . The development of larvae from stage L1 to the invasive stage L3 takes place outside the egg, as opposed to geohelminths, e.g. Parascaris equorum, where L3 larva leaves the egg only inside the host's organism. Strongylid eggs have thinner envelopes than the eggs of typical geohelminths, which may be of importance for the effect of variable environmental conditions (12, 14) . This fact might account for the great differences in the EPG between the control and experimental samples. Until now, available data on the influence of various methods of faecal samples preservation on their suitability for future diagnostics have been scarce (7, 16, 20, 25) . The most comprehensive analysis was conducted by Foreyt (7). The author analysed the effect of physical (low temperature) and chemical (formalin and ethyl alcohol) conditions on the detectability of eggs and larvae of nematodes in deer. He has found that the best preservation method for long-term storage of faecal samples was 10% formalin solution; after 200 d, the detectability was still at the level of 50%. When the storage time and formalin concentration were the same as in this study (14 d and 5%) , the extensity of infection was ca. 70%, thus comparable with our results (88%). Formalin at various concentrations is widely used in various branches of medicine, including diagnostics in its broad sense. At the concentration of 5%, being a strong bactericide, it is suitable for preservation of anatomical and other biological materials. It is also used as preservative in coproscopic studies, though mainly for more resistant eggs of typical geohelminths, e.g. nematodes of the genera Ascaris, Bayliascaris, Toxocara, or Trichuris ( 11, 17, 18, 23, 26, 27) . In case of thinner-enveloped eggs of parasites, including strongylids, its use has an effect on the obtained results. When the formalin-preserved faeces are only subjected to qualitative analysis, such as species identification, this way of preservation seems to be sufficient and acceptable. For analysis of strictly quantitative parameters, for example the mean number of parasite eggs per 1 g of faeces, the effect of formalin is no longer negligible. This was confirmed by the results, unambiguously showing the adverse effect of the solution on the detectability of strongylid eggs, since the EPG values decreased from the initial level of 1,238 to only 153, making the faecal sample less suitable for parasitological examination. The differences observed when 40% alcohol was used, were also highly significant; the solution had a negative effect on strongylid eggs and caused a decrease in their number per 1 g of faeces. The experiment showed a decrease in the EPG value to 247 in the experimental series, which, compared to the control samples (1,238 EPG), was of a great significance for the reliability of the parasitological indices.
Different results were obtained in case of the effect of physical factors (freezing). The prevalence of strongylid eggs after 3 d (94%), 2 weeks (84%), and 1 month (84%) was comparable to the initial level. In contrast, in Foreyt's (7) studies, the storage of samples at -20°C during a week caused a decrease in egg detectability to 15%. The effect of low temperatures on the detectability of nematode eggs was also analysed by Nielsen et al. (20) ; in an experiment conducted in two sets of climatic conditions, the authors subjected faecal samples to freezing at -10°C for periods ranging from 6 h to 120 h. In the experiment, conducted in the USA, the EPG value decreased successively with increasing duration of freezing period, from the original level of 260 to the level of 125 eggs per 1 g of faeces. A similar experiment conducted in Denmark, which differed only in the freezing temperature that ranged from -18.3°C to -16.8°C, provided results, which were similar to ours. Nielsen et al. (20) recorded a decrease in EPG from 300 to 200 during the first 24 h of freezing, and then the level was maintained until the 120 th h of the experiment. In the conducted studies with the freezing temperature equal to -19°C, the EPG values decreased distinctly till the 14 th d of freezing (336 th h of experiment), and then no significant decrease was recorded till the end of the experiment.
In other studies (16, 25) , the effect of temperature on the survival rate of larvae in domestic and wild ruminants was analysed. The results indicated that the development of nematode larvae at low temperatures becomes much decelerated and in some species even inhibited. Our studies confirm these results: the 3-d freezing resulted in a 50% decrease in the detectability of live larvae, and extension of the freezing time resulted in practically complete inhibition of their development. It is interesting that live larvae could be reared in faeces kept in 40% alcohol even after 14 d.
The results of the experiments, as well as those obtained by other authors, suggest that in the absence of possibility of immediate coproscopic examination of fresh horse faeces, the most reliable and least biased method, which enables to perform quantitative analysis, is short-term freezing or cool-room storage of the faecal sample. Chemical preservation should be considered only when the short-term use of low temperatures is impossible.
